Abstract
Introduction
With the outburst of new technologies and the appearance of powerful methods and tools for knowledge management, new virtual communities have been created which go beyond the limits of traditional teaching processes while offering both professors and students a number of teaching services. Despite its success, the learning process has been affected, as many professors and institutions have tried to apply the same learning structures found in traditional education to the new circumstances. In generating new materials while considering these new developments, it is necessary to change our way of thinking and to include the idea of making the student responsible for his intellectual autonomy and to manage the knowledge he needs [1] . It is very important to adapt the new content to each student's characteristics, and at the same time, the professor should coordinate all the activities of the virtual community to expand the knowledge frontier, promoting the sharing of experiences. [8] In the seventies, the theory of Concept Maps appeared in Cornell University in the United States as an answer to the learning theory developed by Ausubel that relates the evolution of students´ previous knowledge to construct new knowledge. Ever since, this technique has been a useful tool for teachers, researchers in topics related to education, psychologists, sociologists, students and other areas that manage large quantities of information [2] . A Concept Map constitutes a schematic summary of what has been learned; it is hierarchically organized and represents all abstraction levels. [ 
7]
The design and creation of Concept Maps is done through these automated systems that are available to the users in diverse forms; each has its own format, structure and style. Most of them export to HTML format, making browsing through map nodes possible.
The use of these tools generates much knowledge that remains in the "invisible web", as each professor or institution produces its own maps and they are not published or organized adequately, so that they can be reused some other time.
Many compatibility and learning structure problems we have stated have been solved with the creation of standards that permit the documentation, search, and distribution of educational contents that are generated in different environments. One of the most important standards developed by the Global Learning Consortium is the IMS; it has created some specifications, which are extended and used nowadays.
IMS Learning Design (IMS LD) is one of the most important specifications that makes easier the formal description of the teaching-learning process through a language that defines "Who does what, When and with What contents" a specific objective is achieved. [6] There are different research projects and institutions that generate applications to implement these specifications in their different levels;; nevertheless, most of them concentrate just in implementing the specifications and not in developing any interface in which professors do not need to know them in detail. For this reason, this article proposes a model for both designers and users to take advantage of Concept Maps for modelling and managing learning as well as the benefits of IMS LD to obtain more complex and reusable learning units.
Interoperable Concept Maps
We propose a model for professors and designers, which combine the design of a Concept Map with the opportunities that learning objects offer to guarantee that they can be searched as well as their portability.
Our model is based on the possibility of applying a T transformation to a traditional concept map to make it a more powerful and compatible one in different environments enriched with the facilities that specifications offer.
It is supposed that the users have one Concept Map created by any of the available tools and that they can access the repositories of learning objects (LO), so that one can establish a correspondence between each node or concept of the CM with a learning object. Each link is considered a condition to fulfil the IMS-LD (Fig.1) .
Figure. 1. Relationship between a Concept Map and IMS-LD specifications
As observed in the figure, during the transformation, a concept can be associated to documents in different formats that the designer might have obtained from the internet as traditionally done, or taken from a repository of learning objects for managing the information for this concept in the most efficient way. The learning object (LO) can be simple or a learning structure compatible with the specifications of the design we just described.
Nodes can make reference to services such as CHAT and email or they may ask for a specific complex computer task. They can be given properties to characterize them or the concept, as well as to define indicators that can be used as conditions or restrictions in the transition from one node to another.
Applications based on the previous model can be designed, its input could be the Concept Map and the output could be the Concept Map enriched with the benefits of IMS-LD specifications. This guarantees its portability and power, as we have just stated.
We have created an application called COMALO (from COncept MAps to Learning Objects) that generates learning structures compatible with IMS-LD design specifications in levels A and B. This application uses a repository of LO and an XML structure that represents the concept map that the user introduces through an interface that is close to his knowledge, without having to know in detail the terminology used in the specifications. We are working on an application that permits the automatic conversion of some maps obtained from different tools in COMALO format, in a way that users can make minimum changes and incorporate the advantages of the specifications.
COMALO permits to search in the repository and to associate LO to nodes. Besides, it guarantees the definition of properties and transitions subject to restrictions.
Although the application is still being developed, it is possible to use it for creating Concept Maps that meet IMS LD specifications in levels A and B.
Conclusions and Recommendations
In our paper, we have proposed an alternative that can be the basis for teachers and software developers in the design of applications for knowledge management, as there are the necessary conditions for implementing and putting into practice the recommendations we have made. In this way, concept maps reusable in different educational environments can be produced.
The combination of both theories will allow users to choose more precise, classified and structured information according to the complexity of the learning processes of the present time.
As we have explained, the present tools that implement the design and content packaging specifications are still oriented towards the users that know them thoroughly; this hinders their development and causes rejection from other users, even including the most advanced ones. The use of Concept Maps as a basis for design will undoubtedly achieve better results.
The effectiveness of COMALO application will be evaluated throughout the design of Spanish courses using the repository of LO of the Spanish Virtual Classroom (AVE) [4] .
